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0 Process for the preparation of polyol fatty acid esters. 

(?) The present invention relates to a process for the preparation of polyol fatty acid esters, in which fatty aea 
esters are reacted with a polyol having at least 4 hydroxyl groups, or an ester thereof, wherein the fatty ace 
soap comprises at least 8% of short-chain fatty acid soap, having a fatty acid chain length of less than 1 5 
caroon atoms. Further the invention relates to the use of the polyol : atty acid esters thus prepared in foodstuffs, 
cnarmaceutical compositions, detergents and coating compositions. 
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PROCESS FOR THE PREPARATION OF POLYOL FATTY ACID ESTERS 

The present invention relates to a process for cne preoaratton of poiyoi ratty acid esters, .n »ncr. ; arv 
acid esters are reacted with a poiyci navmg at least 4 nycrcxyi grcucs. or an ester tnereof. m ;he presence 
cf fatty acid soap and a catalyst. 

In a further aspect the invention relates to the use of the polyol fatty acid esters thus prepared .n 
5 foodstuffs, pharmaceutical compositions, detergents and coating compositions. 

In tms scecification by "polyol, having at least 4 hydroxyi groups'* is meant any aliphatic or aromatic 
compouna comprising at least 4 hydroxyi groups, and by "an ester thereof* is meant any partial fatty ace 
esters of such a polyol being intermediates in the conversion of polyol to higher poiyol fatty acid esters. 

The aforementioned process is known in the art. It is described in US patent specifications 3.963.599 
to (G.P. Rizzi & H.M. Taylor). 4,517.360 (R.A. Volpenhem), 4.518.772 (R.A. Volpenhem) and J. Am. Oil Chem. 
Soc. 55 (1978). 398-401 (G.P. Rizzi A H.M. Taylor). 3.792.041 (Yamagishi et al.). - ^ - iOI I 

A drawback of the conventional processes is that the conversion rate of polyol to polyol fatty acid ester 
is relatively low. in particular, when carrying out these processes batchwise, it takes a rather long rime 
before a desired conversion is reached, during which time the reaction vessel will not available for a 
;s subsequent batch. 

Surprisingly, it has now been found that a conversion rates of polyol to polyol fatty acid esters are 
increased, if the soap component comprises a certain level of short-chain fatty acid soaps. 

Accordingly, the present invention provides a process for the preparation of polyol fatty acid esters. <n 
which fatty acid esters are reacted with a polyol having at least 4 hydroxyi groups, or an ester thereof, m 
20 the presence of fatty acid soap and a catalyst characterized in that said fatty acid soap comprises at least 
8 % by weight of short-chain fatty acid soap having a fatty acid chain length of less than 15 carbon atoms. 

Oue to the high conversion rate it is possible to use the means of production of polyol fatty acid esters 
more efficiently allowing a more cost-effective operation thereof. 

Yet another advantage of the process according to the invention is the fact that the application of shea 
25 chain fatty acid soap results in a relatively low viscosity of the reaction mixture during the process. Thus t 
is possible to mix the components more intimately. Moreover it takes less energy to obtain the same $race 
of homogenization when using short-chain fatty acid soap, than it would have taken if longer chain fatty acd 
soaps were used. 

A further advantage of the process according to the present invention is that relatively little foaming 
:o occurs during the process, which allows better process control. 

The fatty acid soap suitable for use in the process of the present invention can be both saturated ana 
unsaturated. Preferably aJkaJi metal or alkaline earth metal soaps are used. Best results are obtained «nen 
aJkaii metai soaps, such as sodium and preferably potassium soaps, are used. 

An essential feature of the present invention is that the fatty acid soap comprises at least 8 % by 
35 weight of fatty acid soap having a fatty acid chain length of less than 15 carbon atoms. Preferably, the fatty 
acid soap comprises at least 15 % by weight of the short-chain fatty acid soap. Even higher conversion 
rates are obtained when using a soap containing at least 75 % by weight of the short chain fatty acid scao. 

Normally the soap concentration in the reaction medium of the process according to the invention 
ranges from t to 15 % by weight and preferably, from 2 to 12 % by weight of the total reaction mixture. 
jo The molar ratio, in the reaction mixture, of soap to polyol is preferably at least 0.1 :i. in particular, at 
•east 0.5:1. Good results are obtained if the molar-ratio is less than 2.5:1. 

Particularly good results are obtained if the molar ratio of short-chain fatty acid soap to polyol ranges 
from 0.2 to 1 .6. 

Although a substantial benificial effect is obtained from using short-chain fatty acid soaps having a cnajn 
4S length of less than 15 carbon atoms, it is preferred to use short-chain fatty acid soaps having a chain lengtn 
ranging from 8 to 12 carbon atoms. 8est results are obtained by using short-chain fatty acid soaps having a 
chain length ranging from 10 to 12 carbon atoms. 

Polyois that may suitably be interesterified using the process according to the present invention are 
defined in a general chemical sense hereinbefore. More specifically, they may be straight and brancrec 
so chain linear aliphatics. saturated and unsaturated cyclic aiiohaocs including heterocyclic aiipnaocs. :r 
mononuclear and polynuclear aromatics, including heterocyclic aromatics. having at least 4 nycrcxv 
groups. 

As the polyol fatty acid esters prepared by a process according to the present invention are preferac-/ 
jsed m food products ana pharmaceutical comoosmons. preferably non-toxic polyois are applied n -e 
process. Accordingly, it is preferred to apply the process to the mterestenficaoon of sugar polyois. sucr. i% 
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.ncncsaccr.ances. ongcsaccrances. cciysaccrances arc sugar aiccrcis. A.'so sugar-rer = :e 
apDtieci successfully, e.g. aicna-metnyi giuccside f'aicna methyi etr.er of giucosei. 

Examples of monosaccnandes *nich ce may used are giucose. manncse. galactose, araosrcse. <-*■ cse. 
nbose. apiose. rhamnose. psicose. fructose, sorccse. tagitose. ^cuiose. xylulose. and reytnruiose. 
5 Examples of suitaoie oiigosaccnances are maitcse. Vqibicse. mgerose. ceiicciose. lactose, nenaose. 
gentiobtose. turanose. rutinose. trehalose, sucrose ana -affinose. 

Suitable polysaccharides are for example amyiose. glycogen, cellulose, chttin. mulin, agarose, r/ians. 
mannan and galactans. 

Suitable sugaralccnois are erythntol. mannitol. sorbitol, xylitol and galactitoi. 
to Preferred carbohydrates and sugar alcohols, suitable for use m the process according to the invention 
are xyiitoi. sorbitol and sucrose, the fatter being preferred most. 

Suitaoie fatty acid esters for use in the process of the present invention are esters of lower alcohols 
including mono-, di-, and tnois. in particular, esters derived from C«-C$ alcohols are suitaoie. methanol 
being preferred. 

?s The fatty acid residues in said fatty acid esters may be both saturated and unsaturated fatty acid 
residues having a chain length of 3 or more carbon atoms. Preferably the chain length of the fatty acid 
residues is less than 22 carbon atoms. 

The amount of fatty acid esters is dependent of the desired degree of conversion, i.e. the percentage of 
poiyol hydroxy! groups of the poiyol fatty acid ester that on an average have been estenfied with fatty acids. 
20 In particular, if high degrees of conversion or even full conversion is aimed at. in general excess amounts of 
fatty acid ester are used. For instance, in the synthesis of 100 % converted sucrose good results are 
obtained when a molar ratio of fatty acid ester : sucrose is used within the range of from 1 0: 1 to 20:1. 

Suitable transestenfication catalysts include the group consisting of aikaJi metals and alkaline earth 
metals, and their aJkoxides. bicaroonates. carbonates, hydrides, hydroxides, and their alloys. KOH has been 
25 found to be particularly suitable, but also NaOH and the corresponding carbonates, and bicarbonate* of 
potassium or sodium can be advantageously used. Although one might argue that the above reagents are 
not the catalysts themselves, but. are reagents forming the catalyst, in this specification as is done in the 
literature relating to similar processes, this group will be referred to as catalysts. 

The catalyst is used in an amount corresponding to a molar ratio of catalyst : poiyol of at least 0.01 : i . 
30 preferably of 0.05:1 to 1:1. 

Separation of the poiyol fatty acid esters from the other reaction products and starting materials can be 
achieved by using techniques known per se. for example by using organic solvents, water, or by salting out. 
e.g. according to the process described in the US 4.334.061. 

in the process according to the invention soap may be added as such, but it is also possible to add a 
35 soap-precursor, which is converted into the corresponding soap in situ, for example by partial saponification 
of the fatty acid esters, or by neutralization of fatty acids. Preferably in such a case, there is used a solvent 
in which the alkaline substance used for saponification or neutralization, is at least partially soluble so as to 
improve the saponification or neutralization. 

Suitable solvents include water and lower alcohols, preferably C1-C5 alcohols, in particular methanol. 
40 When a solvent is used, it is recommendable to remove the solvent e.g. by evaporation, before the 
resulting mixture, containing fatty add esters and soap, is contacted with the catalyst and poiyol. 

A preferred embodiment o* the present invention comprises the following steps: (1) poiyol. or an ester 
thereof, is mixed with the alkaline catalyst in a liauid system, m which system the alkaline catalyst can react 
with the poiyol* or an ester thereof, forming a poiyol anion: and (2) this liquid system is combined with the 
45 fatty add ester. 

The soap may be present in the liquid system of step (i ). but can also be added separately, or together 
with the fatty add ester, to the reaction mixture, in order to improve the contact between catalyst and 
poiyol. or an ester thereof, in step (1) a solvent may be added. Suitadi* solvents include lower alcohols 
and/or ketones, of which the C1-C5 alcohols and ketones are pret^n^ and also water. When potassium or 
so sodium hydroxide is used as a catalyst in the present process, water is a very suitable solvent, especially 
when these catalysts are used in combination with sucrose. 

Step (1) may be carried out successfully at atmosoenc pressure and room temperature. It is. however, 
also possible to carry out this step at other temperatures, e.g. 10-30 *C. or to apply a pressure higr.er zr 
lower than atmospheric. 

55 tn pnncipie many types of alkali-resistant emuisifiers can be used to improve the contact cf :he 
ingredients m the reaction to be earned out in step (2). Known ecibie emuisifiers include monadigtycences. 
phosphatides such as lecithin, and detergents such as soaps, sccium codecyi sulphate and partial sugar 
esters of fatty acids. 



range 3f ?rcm 1Q0 to tSO'C Preferaoiy :emceratures are aconed <v<tnn the range of :.-cm !'0 - : - ( V ^ 
the range of from 120 to I50*C being preferred most. " - " 

Preferably the reaction is cameo out under such conations that ;ne aicohois. fcrmea zur.rr - a 
5 estenficaaon reaction, are removed. ?cr examcie by carrying cut -he reaction uncer recucea cressure n 
particular under a pressure of less than 50 moar. 

The process according to the invention .s preferably used for the oroduction of di- and higher fatty aca 
esters of poiyois. Therefore the poiyoi fatty acid esters obtained by the process, preferaoiy comprise at 
.'east 50 % by weight of di- and/or htgner poiyoi fatty acid esters. 
to m an even more preferred emoodiment the process <s aoolied for the production of oolyol fatty aaa 
esters having a cegree of conversion of at least least 50 %, m particular, of more than 70 %. The 
production of poiyoi fatty acid polyesters hav.ng still higher degrees of conversion, i.e. degrees of 
conversion of more than 85 % or even over 95 % memg preferred most. 

The lower, ie. mono-, di- and tn-, fatty acid esters of poiyois. preferably comprising from 4 to 3 hydroxy! 
-s grouos. are especially suited for application as emulsifier in foodstuffs, detergents, ana or drying oil .n caint 
and varnisn. 

The tetra- and higher fatty acid esters of poiyois having from 4 to 8 hydroxyl-groups. and in particular 
the poiyoi fatty acid polyesters having degrees of convention of over 85 % are very suitably applied as a 
fat-replacer m foodstuffs and pharmaceutical compositions. 
20 The invention is now further illustrated by the following examples. 



EXAMPLE I 

25 Step la • Formation of a liquid system containing sucrose and alkaline cataiyst: 25.4 g (74.3 mmol) 
sucrose and 1.05 g of 85 % KOH (16 mmol) were dissolved in 25 ml water, at room temperature and 
atmospheric pressure. 

Step lb - Soap formation: a mixture compnsing 314 g (1061 mmol) methyl esters of soybean oil fatty 
acids, and 20.8 g (121 mmol) Prifrac 2908 (Trademark) fatty acids, mainly consisting of C10 fatty acids, was 
jo neutralized by means of an aqueous solution of 7 97 g, 85 % KOH (121 mmol) by adding said solution 
under vacuum at a temperature of 60 * C. 

Step 2 - Reaction: under vigorous stirring, at a temperature of 60 * C and a pressure of 3 mbar. the 
sucrose-containing alkaline solution of step 1a was added to the reaction product of step lb. The conditions 
were maintained constant for a period of 30 minutes, after which the water content of the mixture was less 
than 0.04 %. Subsequently the temperature was raised to 120 *C. after which the reaction started, which 
could be deduced from the formation of methanol, which was collected in a cold trap. Ouring the reaction 
nearly no foaming occurred. 

The molar ratio of KOHrsucrose in step 1a was 0.215. The molar ratio of methyl estersucrose was 14.3. 
The amount of soap used was 7 % by weight of trie total reaction-mixture. 

In this example, and also in trie examples descnbed below, after 2 hours the conversion was 
determined. Also trie time period needed to obtain (almost) complete conversion was measured. The value 
obtained in examples hV, and comparative example A, are presented in Table I. 

After removal of trie soap, using trie method as describee m US 4.334.061. a hydroxynumber of 2.0 
was measured. After separation of trie metriyiesters. by steaming, a riydroxy-number of 3.0 was found. The 
hydroxy-numbers obtained in examples l. II and IV are represented in Table tl. 



EXAMPLES INV 

These examples are identical to example 1. except that instead of Pnfrac 2908 (Trademark) an 
equimoiar amount of anotrier fatty acid composition (see Table i) was used. The composition of these fatty 
acid compositions are represented in Table IV. 
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COMPARATIVE EXAMPLE A 

This example is identical to example l. exceot ?cr :ne ract that an ecuimoar amount of Pr.frac 2260 see 
role IV). manly cons.st.ng of 06 fatty ac.os. «as usee. The results for trt.s example are also recresenreo 
■n Table I. 
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EXAMPLE VI 

Example I was reoeated with the exception that, instead of metnyi-esters of soybean oil. methyiesters cf 
groundnut oil were used, and that an equ.molar amount of Pr.frac 2920 (see taoie IV) was used. The y.eids 
ootained are represented in Table ill. 



: 5 COMPARATIVE EXAMPLES B-6 

These examples are identical to example VII. except that the fatty ac.d compos.tions used, essentially 
consisted of fatty aads hav.ng a chain length of 1 6 or more carbon atoms. The compos.™ of the fatty ac.d 
mixtures applied, can be found .n Table IV. The results obtained are represented m Table III. 

20 

EXAMPLE VII 

Example II was repeated using only half the amount of soap (60 mmol). The yield obtained was as 

25 follows: 

- after 2 hours: 1 3 % 

- after 5 hours: 98 % 
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Pxamoie I was reoeated with the exception that: 

the pro" ss was scaled up by a factor i0. using 254 g sucrose and 3140 g of soybean oil fatty 



acid rrethyl esters; 



(2 V a potasslum-soap of 139 g (0.65 mo.) Prifac 7901 (Trademark) fatty acid composition was used: 
sucrose-solution ii.is % potass.um-cardonate is applied, instead of potass.um- 



(3) in the aqueous 
hydroxyde. 

The following yield was obtained: 
jo - after 2 hours: 17 % 
- after 5 hours: 100 % 



EXAMPLE IX 

45 in reaction mixtures obtained after the ester.ficat.on of sucrose w.th metny. esters of soybean on <cr 
groundr^ fatty^d, in the presence of KOK the .scos.ty ^^^^Z^ 
Afferent shear rates, at 60 C. using different soap compo»t*nt There sulttu „ w „ 
The initial molar ratio of fatty acid metfiyl esters:sucrose was U.3. of fatty ac.d metny. esters soap 

so 8.8 and of cataiystsucrose was 0.22. 
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Prifrac 2920 


84 


97 (5) 


(8) 


Cit'Cn 


Pristerene 491 1 


13 


95 (10) 


(C) 


C,i 


Prifrac 2981 


21 


95 (10) 


(0) 


c.«- 


Prtoiene 6930 


13 


98(11) 


(© 


C 22 


Prifrac 2989 


39 


98 (9) 



6 



4 



EP 0 JOi -52- a; 



Tacie !V 
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*) ex Unichema (Tradename) 

1) C11 * C* j (saturated) 

2) fatty acid composition comprises 5.7 % C20. 87.6 % C2: and 0.8 % C 2 4 (saturated) 
zo fatty acids by weight. 

3) Cn * 1.9 wt. % Ci (sat); 92.8 wt. % Cti*l and 5.3 wt. % C. 8-2 

4) C>« - = C s (saturated) 
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Table V 



Shear-rate viscosity in milli-Pascal 

(1/s) S.B0.90 S.C14.100 S. CIO. 98 S.C12.97* 



-0 . 9 
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1.8 


12751 








3.5 


6925 
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3957 








14.1 


2254 


289 




412 


28.2 


1305 


213 




282 


56.3 


705 


158 




206 


112.6 


458 


127 


38.5 


162 


225.3 


306 


102 


33.6 


131 


450.6 


224 









wherein 

- S.BO.90 ■ reaction-mixture, after 90 % conversion, 
containing potassium-soap of soybean oil fatty acids. 

- S.C14.100 ■ reaction-mixture, after 100 % conversion, 
containing potassium-soap of a fatty acid composition almost 
completely consisting of C 14 fatty acids. 

- s. C10. 98 « reaction-mixture, after 98 % conversion, 
containing potassium-soap of a fatty acid composition almost 
completely consisting of C 10 fatty acids. 

- S.C12.97* - reaction-mixture, originally comprising 
methyl esters of groundnut oil fatty acids, instead of 
soybean oil fatty acids, after 97 % conversion, containing 
potassium soap of a fatty acid composition, almost completely 
consisting of C 12 fatty acids. 



Claims 

t a process for the preparation of poiyoi fatty acio esters, in *h.cn fatty acid esters are reacted * 
potyoi having at least 4 hydroxy! groups, or an ester thereof, -n the presence of fatty acid soao a 
catalyst, charactenzed in that said fatty acid soao comonses at east 3 % Dy "e.gnt of snort-cnain fatty 
soap having a fatty acid chain lengtn of less than 1 5 caroon atoms. 
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2. A process according to c:aim \ *nerem said ?arr/ aoa scao comprises at :east 75 "j cv «eigrt 
said short-chain fatty actd soap. 

3. A process according to c:aim i :r 2 wnerem said snort-cnam fatty ac:d soap has a cram engtn 
ranging from 6 to 12 caroon atoms. 

4. A process according to claim 3 wnerem said short-chain fatty acid soap has a cnain lengtn ranging 

from 10 to 12 carbon atoms. 

5. A process according to any one of the preceding claims wherein the concentration of said fatty acid 
soap ranges from i to 15 % by weight of the total reaction mixture. 

6. A process according to any one of the preceding ciaims wherein the molar ratio of said soap to said 
poiyol is at least 0.1:1 and less than 2.5:1. 

7. A process according to any one of the preceding claims wherein the molar ratio of said shorvchain 
fatty acid soap to said poiyol ranges from 0.2 to t .6. 

3. A process according to any one of the preceding claims wherein poiyol fatty acid esters comprising 
at least 50 % by weight of di- and/or higher poiyol fatty acid esters are produced. 

9. A process according to any one of the preceding claims i to 7 wherem poiyol fatty acid esters 
having a degree of conversion of more than 85 % are produced. 

10. Use in foodstuffs, pharmaceutical compositions, coating-compositions and detergents of poiyol fatty 
acid esters obtained by a process according to any one of the preceding claims. 
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